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Measurement II!

Density	

An Objects’ Relationship of its Mass & Volume	


Dr. Ron Rusay	


Density  
http://www.density.com/what.htm	


Density = Mass / Volume [g/mL or g/cm3; g/L]!

Density  
http://www.density.com/what.htm	


Density 
Density = Mass / Volume [g/mL or g/cm3; g/L] (kg/m3)  

Very Dense Astronomical Objects: White Dwarfs!
http://antwrp.gsfc.nasa.gov/apod/ap961203.html!

D(ρ)  = 1 x 10 9 kg/m3  = 1 x 10 3 kg/cm3!

= 1 x 10 6 g/cm3!

•  Using exact numbers / “scale factors” UNITS!
•  A Bookkeeping Process: Example!
!Calculating the density [D(ρ) = ? g/cm3 ] of a white dwarf,
 1.0 x 109  kg / 1 m3 !

•  (1 kg = 1000g; 1 m3 = 1 x 10 6 cm3; 1 Ton (T) = 1000kg)!

__________________ = ________!kg!

m3!

? g!

? cm3!

m3!

cm3!

g!

kg!

Dimensional Analysis  
Conversion/Unit Factor Calculations!

•  Using exact numbers / “scale factors” UNITS!
•  A Bookkeeping Process: Example!
!Calculating the density [D(ρ) = ? g/cm3 ] of a white dwarf,
 1.0 x 109  kg / 1 m3 !

•  (1 kg = 1000g; 1 m3 = 1 x 10 6 cm3; 1 Ton (T) = 1000kg)!

__________________ = ________!kg!
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1.000 x 106 = (100 cm)3!

1!

1!
1.0 x 10 9!

1,000!

1!

Dimensional Analysis  
Conversion/Unit Factor Calculations!

1,000,000 = 1 .0 x 106!

1!



•  Example for an astronomical object where 1
 teaspoon weighs 3 Tons. (~ 3 pick up trucks).!
!3 T /1 tsp         ? g/cm3!

•  (1 tsp = 4.9289 mL; 1 T (Ton) = 1,000 kg; 1 kg =
 1,000 g; 1 mL = 1 cm3  )!

___________________________ = ________!T!
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Dimensional Analysis  
Continued!

•  Example for an astronomical object where 1
 teaspoon weighs 3 Tons. (~ 3 pick up trucks).!
!3 T /1 tsp         ? g/cm3!

•  (1 tsp = 4.9289 mL; 1 T (Ton) = 1,000 kg; 1 kg =
 1,000 g; 1 mL = 1 cm3  )!
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Dimensional Analysis  
Continued!

1.000 x 103! 1.000 x 103!

1!

1!1!

1! 1! 1!

3!

4.9289! 6 x 105 g/cm3!

Density 
Density = Mass / Volume [g/mL or g/cm3; g/L; kg/m3]  

	
Calculate the density [D(ρ) = ?] (kg/cm3…or g/cm3..or kg/m3) ���
of quark-gluon plasma: 1 cm3 has a mass of 4.0 x 1010 T 

(metric tons) 	

for comparison to White Dwarf.	


(1 T = 1,000 kg; 1 kg = 1,000g; 1,000,000 cm3 = 1 m3  )	


___________________ = !4.0 x 1010 T ! 1,000 kg!

T!cm3!

_________________________ = !4.0 x 1010 T ! 1,000 kg! 1,000 g!

T!cm3! kg!

4.0 x 1013  kg/cm3!

4.0 x 1016  g/cm3!

_______________________ = !4.0 x 1013 kg! 1,000,000 cm3!

m3!cm3!
4.0 x 1019  kg/m3!

1 x 10 3 kg/cm3!

1 x 10 9 kg/m3   !

1 x 10 6 g/cm3!

4.0 x 1010 greater!

Density: Ultralight microlattices 
Density = Mass / Volume [g/mL or g/cm3; g/L; kg/m3]  

Engineering Ultralight Microlattices 
Density = Mass / Volume [g/mL or g/cm3; g/L; kg/m3]  



Density 
Density = Mass / Volume [g/mL or g/cm3; g/L; kg/m3]	


• Aerographite is a synthetic foam
 consisting of a porous interconnected
 network of carbon nanotubes. It was first
 reported by researchers at the University
 of Kiel and the Technical University of
 Hamburg in Germany in a scientific
 journal in June 2012. It’s density is:!
• D = 0.18 mg/cm3!

Density 
Density = Mass / Volume [g/mL or g/cm3; g/L; kg/m3]	


Density 
Density = Mass / Volume [g/mL or g/cm3; g/L; kg/m3]	
 QUESTION	


__________________________ = !ft2! in2!

ft2!

cm2!

in2!

Dimensional Analysis  
Conversion/Unit Factor Calculations!

cm!
cm3 !?! __________________________ = !ft2! in2!

ft2!

cm2!

in2!
1!

12 x 12!
31.2!

2.54 x 2.54!

1!

Dimensional Analysis  
Conversion/Unit Factor Calculations!

cm!
cm3 !

 0.066667222 cm3 !
6.67 x 10-2 cm3 !



Densities of Various Common Substances* 	
 QUESTION	

Which would provide more grams of NaCl, sample one with a 
mass of 2,350 mg, or sample two, a solid with a volume of 2.00 
cm3?  (The density of solid salt is 2.16 g/cm3.)  Select the most 
massive sample and its mass in grams.	


A.    Sample two; 1.08 grams	

B.    Sample two; 4.32 grams	

C.    Sample one; 2.35 grams	

D.    Sample one; 2.350 grams	


QUESTION	

The volume of any material can be obtained from its density and 
mass.	


If the mass of a sample of acid from a battery were 5.00 grams and 
its density was 1.2  g/mL, what would the correct reported volume 
in mL with the proper number of significant digits?	


A.  	
6.0 mL	

B.  	
6.00 mL	

C.  	
4.2 mL	

D.  	
4.17 mL	


Density 
Density = Mass / Volume [g/mL or g/cm3; g/L]  

Mass = Density x Volume 	


• How many grams of air are there in PS 275?!
• The room has dimensions of ~ 3.5 m x 11 m x 10. m. !• Dair = 1.22 x 10-3 g/cm3 (1.22  g/L) !
• 1m3  = 100 cm x 100 cm x 100 cm; !• 1000 cm3 = 1 L; 1 mL = 1 cm3!

A.  1.22 x 103 g!
B.  385,000,000 g!
C. 3.85 x 10 6 g!
D. 47,000,000 g!
E.  4.70 x 10 8 g!

• How many grams of air are there in PS 275?!
• The room has dimensions of ~ 3.50 m x 11.0 m x

 10.0 m. =  ? m3!
• Dair = 1.22 x 10-3 g/cm3 (1.22  g/L) !
• 1m3  = 100 cm x 100 cm x 100 cm; !
• 1000 cm3 = 1 L; 1 mL = 1 cm3!

___________________ = !m3! cm3!

m3!

g!

cm3!
1!

1 x 106!

385!
1.22!

1!

Dimensional Analysis  
Conversion/Unit Factor Calculations!

g!
 470. x 10 6 g!
4.70 x 10 8 g!

385 m3!

Density 
Density = Mass / Volume [g/mL or g/cm3; g/L]  

• How many pounds of air are there in PS 275?
 It has a volume of ~220 yd3. !• Dair = 1.22 x 10-3 g/cm3 (1.22  g/L)!
• If the room were filled with pure oxygen, there

 will be more pounds of gas in the room. 
True/False: (Explain the reason(s) for your
 answer.)!

QUESTION ���
General Chemistry Level Challenge	




QUESTION ���
General Chemistry Level Challenge	


Titanium is abundant in the earth’s crust, but 
horrendously difficult to turn into a bicycle frame. From 
extraction, to final welding and finishing, titanium is 
fraught with very complex processes that are as 
expensive as they are essential. One slip, omission on 
behalf of the mill, machinist, welder or finisher or the 
slightest contamination of oxygen, nitrogen, and 
hydrocarbon (i.e. human fingertips) at the wrong time and 
the frame will almost certainly fail at some point. Hence 
most bike companies don't use titanium.!

http://cyclefit.co.uk/journal/5-questions-to-ask-before-buying-a-titanium-bike!

QUESTION ���
General Chemistry Level Challenge	


http://cyclefit.co.uk/journal/5-questions-to-ask-before-buying-a-titanium-bike!

However, titanium’s tolerance to cyclical load 
is infinite. This is a huge advantage both in 
terms of safety and for ride quality. It means 
that as long as the tube spec and frame 
design is well executed, a bicycle will offer 
exceptional comfort, performance and ride 
the same in its first mile as its millionth!!

ð  Titanium is much lighter than steel alloy, which has been 
commonly used in frames.  !

ð  Titanium (4.50 g/cm3); steel alloy (7.75 g/cm3).!

QUESTION ���
General Chemistry Level Challenge	


ð  A titanium bicycle frame contains the same amount of 
titanium as a titanium cube measuring 6.8 cm on a side. !

ð  Use the density of titanium to calculate the mass in 
kilograms of titanium in the frame. !

ð  What would be the mass of a similar frame composed  
of steel alloy? !

$4,199.00!

Titanium (4.50 g/cm3); Steel alloy (7.75 g/cm3).!

QUESTION ���
General Chemistry Level Challenge	


ð  A stiff light weight carbon fiber bicycle frame is said to weigh 
as little as 690g. !

ð  Carbon fiber frames are the mainstay of the Tour de France.!

$9,000.00 frame!

• What is the percent difference in the weight of a carbon fiber 
frame versus titanium?!
• What is the relative cost per kg for each of them?!
• Assuming the volume of carbon fiber in the frame is equal to 
titanium, what is the density of the carbon fiber?!

QUESTION ���
General Chemistry Level Challenge	


Reducing weight offers large returns besides winning the Tour de France. 

Read the linked articles above, and briefly explain how 3D printing relates to 
these savings in one or more of the examples from the table. Also, are there  
any opportunities in your chosen career path for 3D printing applications?!

http://chemconnections.org/general/chem108/3D%20printers%20start%20to%20build
%20factories%20of%20the%20future.pdf!

http://chemconnections.org/general/chem108/3D%20printing%20transforms%20the
%20economics%20of%20manufacturing.pdf!


